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ABSTRALT

ror flftesn yssrs, HASA at the Jokn C.
stennis Space Center has Baan Involved 1n
bloreganarative cospsnent davelopment for
wlr, vater, and wvasts trestsant, Threough
funding  frow  ths  HASA  Technology
vellization Offlce, technoleqy developad by
this projsct has besn transfarred to single
homis, smsll comssnltles;, and largs
puplclpal wsers @och as  Fan Dlego,
csbifornis, an vell as commerclal lnvestors
interasked In capltalizing en the alr
purlficaticn splnoff preducts. Tha

rodects of this project have nov basn
Tntlgutld- into & unigue, bloregenerative
kabltse with & Esli=contalmad wasts
treatmant and waker réclamation systan.
Blologlasl recassss ara ussd ln  the
anergy=afflocient 1iving quarters for alr
reclanacion and revitalizatlon. Food
prodects will sles be produded In the Vasts
trestaent trabn. This intaqrated =1lvlng®
gyetes, which minimizes Ethe wie of
sachenlosl and anergy-consuming Lrsatmant
gvEtems apd madiwlies  the ups o
hI-unqrmntl" procasdad, is tha
culelnation of the componant develepmank
SUork and the paginnlng of & sers coeplex
and dstailed projsct. The develepmant,
taak, ralinament, and varlficatlen of this
unlque bloragerarabive habltar will yleld
informaticn nNeECeEEsk for ths safs &pd
sfficient was of bleleglcal procsssss In
closed habltats both In space sred on Cavih,

Buckaraund

For many yaars, WASA has had pacallel
programs Ln clomsd systss habitabllity.
ore wae based on develeplrg physloo=
chanleal processas to I.wall:r mast nesr=
Larm spacs nesds, espeolally with Space
gtatiom. pacond PEGJELE ie
concantrating on adibla product productlen
fros inorganle natelent suppliss with vatsr
apd  alr reclasation achleved through
condensatlon gollectlen and phetenynthesls,
raspactivaly,” The third program 1 bassd
an the davalepment of bDloregenarative

proceidad  vhleh Sould  have lasadlaka
application for vastavatay treatnent in thae
United States, through the HAShk Teohnology
utiblzatlon (TU) ard Epln-off Programs, dua
to lesd apsclal restraimts on sarth. Long
duratlon Epacs miaslons involvi
intarplanstary sxplorstion will possibly
banaflt from & combinatlon of the latter
L Erwr-nl, by relylrg alncst sxclunively
en blersganarative prodessas te provlde
alr, wvater, and food for husans,

Tha produste and bLeneflts of the
program speniored to date by the HASK TU
offics ara tha subject of thies paper: In
kprll 1989, the efforkte of this program
culminatad In the cosplatlen of & movael
facillty, referred to as Bicloss, which
lreorparated &1l of the TU-davaloped
blovagenarstive camponents lor slr, watar,
and mnutrlent recovery fInte & single,
integrated habltat, Biclioss prosctes the
concapts of ealf-rellsnce and Indlvidusl
rasponslbllity for anvlronmental
conservatlon. Its evalustion ang
raf iresant af integrated compenant
afflelencies will sleo provide & Lest bad
for futurs blologlcal-baded systems ko be
usad In long=ters epace Lravel.

Blolons

BloMone wes archltecturally=deslgned
with & wedern, futurlstle lock and wae
angipesrad to achieve meximus alr and
enargy olosura. A8 shewvn Ln Flgurs 1, Lke
axtarlor i& coversd with spacisl moldaed
plastia pansls designed to reslst normal
wvaskharing gendltlons with minlmal
malntananca, Both the lnelds and cutside
srs ahaped in parallel arches apanning 14.5
it at the base sand plelng te 2.8 @t Inalds
and 186.5% e subslds dus to the 11 In thiek
walls f111ed with flberglass Inealatlien and
erasting & R=40 tharmasl lnsulstlom 'I'H-Ill‘_
BloHons 1w 43 [t long and comtalne G480 (6
of interlor epees of whilch M4 fE° -hava

baspn agqulppad to rovide & fully
fumotlonal, one=parecsn hablEbat. [Saw
Flgures =4}, The ressinder of the
. interier space housesn & naktvork of

bloreganeratlve compofants vhoss paslo &nd
products are rTeclalmed waibevater ard
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Flgure 7. Effects of plants on dissolved

Gxygen conoentraklon.
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Figure ®, Effects of plante on fecal
coliform oounk.
rasalved. Wa imkerd to  repest  tha

gupariment with & fov nodlficaklons In &n
attempt to resalve thess discrepanolies.
Among the changes plamned st the present
tine are usa of two plants of eaah cpeafes,
am knorasss In the wvolums used AL tha
baglinning «f sach testing poricd, such That
Ll l'i'li;bﬁ‘tt'lﬁlll-lﬂﬁ-iﬂﬂ rata will not causa
a significant docresss in the volusa over
t tosting porfod, Identiflcatien and

aration of the protozcan flora prefent,
and datermlnation of the parasaters such as
blolegical oxygen demsrd ard dissolved
aolida. Tha fimal results from this pories
of a¥parimonts will glva a much batter
updsratandlng of which plants wikl function
begt In tha, vaste t‘lﬂ!ﬂ"'ﬂil'ﬂ] ayates of tha
nlokoss .

Fotable Weter Beclanatlon

Potable wakar will ba cbtalned from a
dehumidifisr apd the alr conditloner
condansing atsoapherle moleture edacad
wih avapakransplratlon from tha planta in
the treakment systen, In  addltien,
extranscus atsospheric wmolsture will ba
aondenssd dus to soes Alr spohange with tha
outdoors. Ths amblsnt relative husidiby in
BEC area ia always high. The conpdensatbssn
will Lo combimad and Created with OAD amd
an ulcravialet dlsinfaction unle and Easbed
sxtensively for water guality, inoludieg

organlc chasical contamlnation and
jﬂi-.—]l:m' nlorocorganioms. In the future,
Lt is ths goal of this projest Eo provide
all tha potable water nesds of tha BloHowns
oocpupant by this proecess.

Slnoe plant evapobtranspiratlion rates
are Aimportant to the success of this
roposed process, scrasning axperimants
Emrl. mow baan Inltlated to provide data for
rataimkng or revieing tha selectlion of
agquatio spooles used Lln this wvastevater
Ersatmant mnabvork

An axample of data from the flret
acreaning experiment s shown In Flgure #.
Plants of approdimately equal blomsss of
anch specien wara placed In 1800 ml of
frashly oollacted domnestlio wastawater, and
the water volume mssnitored dally. This
anparlimant olearl indicates Thet oanns

1ily ism vary afflclent at transpiclng water
with water lvis, calla Lily, and torpeds
atfiolenoy,
s plamnned.

qrass in dagareassl Huth mors
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Figura 9. Transplration rate of wvater
plants.
Al Rovitallzatlion

Tha photosynthetio precess Ehat allovs
plants to 1ive and grow requlres coentinucus
edchanga of gasecus pubstances batyWesn
plant laavas And (4.1 surroundlng
ALESAPN a6 . Tha EIELE Somaon R
substanoss eWchanged ars carbon dlioxlds,
eWygan and Water vapor. Tha plant leaves
normally glve off vater vapors and ouygen
and taka In ocarbon dlosids, MWowaver, It
Ipﬁllrl that plant lsaves cam also take In
other 494008 SUDSEARCRA from thiw
BUT FOUR ’-TH] AtEoEphiers wueh An
fornaldehyds, hlrlilnlﬂp tn!l.ln:n-l. and other
undesirable organics. t

rﬂ]i“l planks ace plaged thhmlq'ﬂl:lul:
tha Living gquarters of BlcHome in order to
abata the k-1.|u:|.l.n|!|.r|:||:II of any toxle organics
autgaesing from the nawvly copsbeudtad apd
furnished faclilty. Alr quality will be
olosely monltored for trace organics. |

In additiomn to conventlonal foliage
plant arrangssant, & spesalal nawly
daslgmed GAC/plant slr fllter will also ba

umsd Blolices, This wani systam is
shovn In Flgure 10, Data demonstrsting the
ubility of this system In contrelled,

soreankng edperiments is shown in



of pips with no planks or other mediaz Iks
purpeEs s to enocursge further sollds
settling &nd minisize dounstresn clogging
proble=ds. Esch of the repalnlng segments
contalng Bicfllm support modls amd alither
& or & vascular plants. AU presenk, four
different speolos of watar plants ara e L

avaluateds water irls [ 1a
oslla BLLY { § 5 CRRANR
Lily [(Canns } and torpedds Qrass

1E||Ej.1:n.l repenfl. Beguants 3 and 3 ATe
filiad wikth lLava :uu:q'w rovida a hlgh
surface ares, 1ight walght Ehlm suppark.
Segmonts 4, 9 and the flrsk half of &
conkaln 4 w 14 mash granilar sctivated
carbon (GAC) ebtaimed from Asmaricsnm Horlk
Copphny. Tha second half of Eegmont &
contalpns the minaral seclite & hydrated
sodlum {or calolum) sluminosilicate used
for ammcnia reseval. Iocated ak the
effluant ond of sach segment is & small
sanplirg port from which water samples can
ba drawvn for analy#la.

Tha final efflusnt from the akova
syatan flows through an ulbraviolst unlt to
sidurs conplete kill of all mloroorganisss,
-tip-lah'u'; thana potantially patheganic to
hananE, Fom Lthe slraan, The final
effluent s pu:duu-dl inte & 100 gal aquariue,
currantly usad as A holding tank and
buf fer. Futupa plans inoluda use of this
tank for Elish production. cCatflsh Wlll be
studied fhirst. When the aystsm plumbing 1=
coapletad, water Erem the aquarius wili
alsa be used Eo operate the tellet and for
wataring vegaktables.

Introduckion of vater Imtoe Segment 1

% gontrolled by & set of level sensors
located at the influent ond of this ?1|;-
Watar can ba puspsd althar from the Inltial
holding temk or the aquarium, When tha
Tieuid lavel in Segaent L falls below 4 in,
poth ara turmed on; and wWater sntars at
equal flew ratos from tha holding tank and
aguarios until & level of 7 in ls reachad,
tRan both punps are turred of £, A sephrata
float switeh, located in tha holdlng bank,
senses the level in ik, sech thak dirbng
|:i|-|l.'l-udl. of insufficient wolume, &kl
fflusnt origlnatas from the resiroulated
water in the aquarlus. The risa im Bu-[unt.
¥ is moch faskar than that in the remaindar
of khs system duas to ths hydrostatio
prassure craated by the modia Im tha othar
gagmants, therafora daspening tha pualda
affoot of the pusps ard creating & more
wdan aystom £lod.

sekenton s lumtac:

Two Important parameters which are
indioators of the mloroblal profile of the
blofiine im ftha wastowatey Etreatmant
nakwork are dissclved oxygen, an indleabor
of aaFpoblo or araeroblo conditloms, and
fecnl ooliform, an indloator of potentinl
human pathogen oantaminatleh. It im
damlrable to maintain ssvobio condltlons An
ordar to reduce hydrogen sulflcds and
nodlous edora. Complstant remcval af Fecal
coliform also reduces the passlbliity of
p-a.l.'.letﬂ:rqtniu nicreapganism survival kn the
L

»n  awperiment to dJdetermina  tha
palative ability of the plante selested for
Inlelal saraening in the vecyeling ’E“"
in  ths BloHoma s "“"‘"”I Wl
conpducked. FResulbs of the flrst flve Werks
from this superiment ars prassntad mareln.
The plants previcusly mantloned, watar
irks, calla 1ily, canna Bily, and toepeda

rasm, wera usad for the swperlwent. Tha
Tnaividual plants chosen for use initlally
had appresisately equal root masses. After
romoval from the medlus im whnigh ssch wvas
Tmlnq. tha roots wers rlnsed Ehoraughly
n tap water bafors beginnirg tha
axparhiment. Flva baakera with a capacily
of 3600 mi each wers wiad, E&ch wan
coverad om tha sides apd botbom with
alusinue foll to exclude as suah light sa
possible.

Dossatio vastevater was collacted [rom
one of tha facultatlve sevage lagoons at

BAL. rodinately 1400 ml of wvatar was
pleced into sach beaker and & differsnt
plant plsced Ento sach of four baakers.

The FLFEh bBeaker vas used as & control. It
gontalned the same voluss of seWags &s Lhe
gthar four [exeluding the volume cccuplsd
the root sams of #ach plant}, buk na
plant was plaged Ln it,  The dissolved
GHygIn & fecal ooliform coumRt waa
dotermined In asch beaker lmmedlately after
patup and At wulbidsy Intervals following,
The shortest parlod wes 4 daya and the
longesk was @ days, AlL bepkers vers left
updisturbed durlng this parlod ancept when
teating was balhg conducted. Cara W&S
takan during thess spiscdes to mininlie tha
agltation and ssvation of the Liquid.

Aftar tha flrst wesk of testlng, each
plant was remcved from lts basker and Tha
root mass thorouwghly rinsed and Hfhc-d
inta the baaker. Frashly ocollectasd
vastawater was Antreduced inte aach beaksr
to & lavel of 1000 mi and 1800 wml wvas
placed into the control. The DO and fecsl
collforn counts wara deternined in each
peskar at Intervals over & parked of ¥
duyE.

In order ta asdsas tha sblllity of the
diffarent plante to ercoursgs qrovkh of
varlous beneflcisl migrocrganlsss &nd
protozoans, the plants wvers not rescved
from the boskers at ths beglanlng of tha
third veak' of testing. Inotesd, water wvans
witkhdpavn from each of tho beakers wRtil
oply 260 ml vemainad in each. Frashily
gollscted sevage wvas then Introduced Into
aach up to 10080 ml mark. This
precadure Was ussd im an  athsspt to
presarye prototos and other sloroflors
which might ba enplched from one Wask Lo
Eha naxt, Saspling was conduectad as kn tha
pravlous wesks, Two wors 7 dsy perlods of
testing wera conductesd Im & EARAGE
Identical to that described above. Cate in
Figares 7 And 8 shov tha results of this
axparimant. dverall, Eths GCanAs lllﬂ
appoars to be the most sfficient at bot
incramsing the dleseived oWygen and
decrassing ths nusber of fecal collforms
prasant in the sevege. The results of this
supariment are only prellimlnary, AL thle
tina, dlsorepanciles sxlst that wusk bae



potable vater, edible plant products, and
ravitalieed alr.

Mastevstor TrostnentsFood
Producklon Hetwork

Slnca nquatlo and seml-aguatle plants

can ueilize domastic sévege ae A complete
rovth madia vhile ssainilating minerals,

Ehi #chana ussd &t ths John 2. Stennls
Epaca Cantar (S5C) for waste recycling and
food ?t‘ﬁﬂdﬂlim li walipg aquatle and asmi=-
arustlo plants for vasbtsvater treatment,
and the harveskad plant mpataclal Ehen
hacoman & ooEplates grovih medls for food
plant preduakien. Conventional food plants
auch an tompboas, Eorghem, Corm, potatoes,
oucunbars and sgquaskl have bsan sscceaafully
grovn on cospostad atla plant satarials
produced n & slellar vastevater treatment
Precain.,

The sabimsted dally vastsvabar voluss
for BloHona Ie S0-£6 Ilqml, ganaratad by
one parson on & norsal deily routine. The
wantawatar will bs treats in & sysbam
koused in one apd of the BloHosa and
accessible by a deor from the hableable
gactlon am well as ths ocutslds. Ths
natwark Is & composlts of aysbans devael
by HASA at S8C owar the past 15 years usireg
sorptive and high surfsce aren support
madla for an Intagrated syabam of vascular
planta apl U Epandad AF BEEACE S
mloroorganisme.

PaRt TeRsarah at GAC has denonstrated
Ehat aduatic and seal=aquatlc ants® Buch
a8 vakar icle |  cattalle

mﬂuhﬂﬂ Iy [ Lanns,

duckue

) app.), bBalpush
{8olropus ealifox 8) ¢ tnrfadn qrass
{lanigin  copend), ochona  LLLY  (Canoa
Ll | calla  Lily [\

lantedesthia

aothioplca), sko. can wtilice £y, humsn
SOVEQE AN & OOBplats ?rnulh madla. HEan
sevage  is  slowly iiterad through an
!.fl.l-ll-lﬂ plant root fllter iﬁl'lt“. eomples
blolegioal processes taks place durlng
wastewater trestmont and puriflcatlon. Tha
symbiotic relstlomship that is normally
spkablished betvaesn the plant roots and
Blpresrganipes ]i\'lhil on and arournd thesas
:'i s is vary complex and important in tha
ptavatar treatment proceasm. Sas Flgurs
8, This process not only removes orgamlo
chealcals, but is alse thought to
contribatea to the reductlon o other
poliuking substances ill'nﬂ,udl.m phthoganla
bacteria and wiruses." It has besn
shovn that rookts of aguatio plants such an

bulvash, read, soft rush and water irvis
axcrata substances khat can -lm:

Efl‘.lljlf or complately kill t
atarla _whils not harming naflolsl
bactarin, Tha asroble zons arcund ﬂl
aquatio plant root system can also sup i
J.E":| -ddlfl.un. to bacteris, ths grovth of
large punbars of protozoa vhich fesd on
bacteeia, viruses and particulate crganis
mALL&K,

A flow dlagram of tha BloHoma
vaRtawatsar tresatment network ls shown In
Fhgura &, ALl waatevatar and savags,
ipeEleding vogetable wvasts, meceratbed by &

Wastewater Lrsaiment/focd
production netwark In Blodoms,
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Flgura 6. A flow disagram of tha BleHoms

wastewater Eresatment matwork,

Tlrlu-ql disponsl ipn the kitchsn slnk, is
nitially collesoted cutsids the facillty
in & 55 gallon plastic tank. This holding
tank parmits sollde ssttling and subssquant
digastlon, - Itse affsctlve voluma csn be
malntalined &t & varlabla level In ordsr to
hold awosss wastavabtsr durlmg psricds of
hlgh wange, It I& the onl onenk of
tha %tn physically lecated cutslde of
the BloHome fachlicy ard subject to amblent
thermal fluotustlons.

Tha bBlafilnfplank sysban is
gonstructad af Scheduale 4
palyvinylehlorids (M) plﬂl. # lnehes In
diametar. Ports ave provided ak reguiare
intervals along sach FYC segment In which
||:|1lntl acs Inmsrted. Six segmonts, varylng
rom 10 ko 13.75 fe in length &nd with an
sffective hydraulio voluse of appreyisately
#1 gal are used for the wastevakber
trasteant PUEI'-’-EII'I of tha systam. Tha
sagments are connectad In  serles by
sagtlons of 1 in dinsstey PWC plps an ahown
In Flgure &, Seguant | e an espty sectlon



Flgure L. Exterlor viaw of HABA BloHoma at Figure 1.

Badprcom area In il
5BC. BlcHona

Figurs 2. Blorsgansraking clossd hableat,

Figure 4. Dinlng and entertainment area in
Blolons,
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flgure 10, Adr purlflcstion systes
L copblnlrg houseplants and
sothvatad osrbon for gravity=
fres snvlronsants.
Flgurs §1. The Gkt anhamces the sorptiva

propertiss of the system and alae providas
a blofils supporte media [or anha
hloreqeraration of the sorption sitas.
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Regeagration Bma [drys)

A bioregensrating activated
carbon/plant systes for
removing toxle chemicals from
indoor alr ard contaminated
vaker, The datsotlon limit In

<l ppm.

Flgure 11.

GuRsaTY

plaiomna is & unlque tosl for the
epatlal Fafinssant n!‘- hflnlﬂlﬂai-b::ﬁ
nakvark of oCom nta aF  WaBkaw
trastmont, wu%mnnlmt-in-n. adibla
roduck preduekion, and alr revitalizacion.
En stabla productlon will beglin as soon as
aufflalent amaatio plant blosass has boen
qonerated Al sked to provide a
mutrlant=rieh medias for this actlivity. It
in the goal of thls jlpr-:lnj.lmt for all
compenants o be vorking in harmony by 1980
amdl far tha awtansive monltorimg snd data
annlysls of this petwerk ta  provide
directlon for fimal coeflrement and
varlflontlon of tha [Intagrated systsm
affesatlvenaus, Nesulks from this projesct
will be widaly dissssinsted to potambial
users to enccurage fta use anrd the
prosatleon  of individasl spvlrosmsnbal
hoalth and conEsrvaticn.
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